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TRADEX  VHP  RADAR 


TS.  GENERAL 

'^'The  newly  installed.  TRAMM/TIF..  Raddr  Subsystem  will  enable  Project  PRESS 
to  gather,  at  a frequency  of  14-9  MHz,  signal  returns  from  exo-atmospherie 
and  re-entering  bodies  and  their  wakes.  The  VHP  Radar  is  built  into  the 
TRADEX  system  and  utilizes  many  of  the  existing  facilities  such  as  the  antenna 
and  the  data  processing  and  recording  subsystems.  The  radar,  being  a non- 
tracker, will  rely  on  the  UHF  Radar  for  positioning  in  range  and  angle.  v. 

The  VHF  transmission  is  of  right  circular  polarization  with  any  one  of\^ 
the  following  waveform  options: 

a.  A fifty  microsecond,  one  megacycle  linearly  chirped 
puiuc  of  rectangular  chape 

b.  A fifty  microsecond,  one  megacycle  linearly  chirped 
pulse  with  amplitude  pre-weighting  in  the  form  of 

a hal f- sine-wave  on  a rectangular  pedestal 

c.  A one  microsecond  CW  pulse. 

A three-channel  receiver  enables  reception  of  the  principal  polarization 
return  on  two  of  the  channels  and  the  orthogonally  polarized  return  on  the 
third  channel.  Target  data  on  both  senses  of  polarization  are  recorded  on 
IF  tape,  and  "A-scope"  and  RTI  film.  An  IF  tape  playback  feature  enables 
post-mission  amplitude  and  phase  processing  of  VHF  data  by  the  Scintillation 
Data  System  (SDS).  A "quick  change"  patching  network  will  also  allow  SDS  re- 
cording of  "live"  VHF  data  on  certain  missions.  VHF  power  and  mode  bits  are 
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recorded  on  both  computer  and.  DCFU  tape. 

The  prlnicpal  operating  parameters 

of  the 

VHF  radar  are  listed  in  Table  I. 

Figure  1 and  Table  II  are  a sens!- 

tivity  vs . range  plot  and  a sensitivity  calculation,  respectively , of  the  VKF 

radar, 

•while  Fig.  2 presents  a block  diagram  of  the  system. 

TABLE 

I 

VHF  Radar  Parameters 

Frequency 

149  MHz 

Peak  power 

Rectangular  chirp  mode 

333  lew 

Shaped  chirp  mode 

480  kv 

One  microsecond  pulse 

480  kw 

Average  power 

Rectangular  chirp  mode 

25  kw 

Shaped  chirp  mode 

24  kw 

One  microsecond  pulse 

710  w 

Pulse  widths 

50  p.sec  compressed  to  1 usee 
(nominal)}  1 usee 

PRF 

1482  nominally,  varies  from 
371  pps  to  1819  pps 

Antenna 

84'  dia.  parabolic 

Antenna  feed 

4 slotted  cavities 

Antenna  gain 

27.8  db 

Antenna  beamwidth 

Azimuth 

5-1* 

Elevation 

5-3° 

1 


; . * -r  V->  ■•■*<-  wn  ■ *vp?rt|A .'•f-?'^  .^ '■'*  ^*ri»  -•<•  ■ 

4 . -<  .j. ‘Adk^C 'S/ .-.'*4^  i^g^ua±fgj£  ^ L-a  as";  --*  , *.»*  )r»7i.-)H  .A.  b ~ ~ha  ' ■ '*'  vaa" '_ 


Antenna  side lobe  level 


Azimuth 
Elevation 
Polarization 
Transmit  microwave  loss 
Receive  microwave  loss 
Receiver  channels 

Left  circular  normal  (LCN) 


Right  circular  normal  (RCll) 

Receiver  noise  figure 

Left  circular  channel 

Right  circular  channel 

System  noise  temperature  (antenna 
terminals) 

LC  channel 

RC  channel 

Range  sidelobes  (all  channels) 

Sensitivity  (single  pulse  S/N  on 
a -20  dbsm  target  at  a range  of 
75  MM) 


-1 6 db 
-1 6 db 

RHC  transmit;  LHC,  RHC  receive 
1.0  db 
1.0  db 

Manual  gain  controlled  channel 
for  reception  of  principal 
polarized  returns 

Fixed  gain  controlled  channel 
for  reception  of  principal 
polarized  returns 

Manual  gain  controlled  channel 
for  reception  of  orthogonal 
polarized  returns 

3-1  db 
3-3  db 

7710K 

809°K 

-24  db 


Left  circular  fixed  gain  (LCFG) 


+12.1  db 


XX.  ANTENWA,  FEED,  AMD  MICROWAVE 


The  VHF  feedhom  assembly  consists  of  four  slotted,  cavity  radiators 
axially  symmetrical  and  coaxial  with  the  present  UHF/L-Band  feed.  The  VHF 
feed  is  designed  to  replace  the  four  trapazoidal  correcting  plates  •which  help 
to  form  the  UHF  angle  error  patterns . The  face  plate  of  each  slotted  cavity 
is  mounted  in  a plane  normal  to  the  bores ight  axis  and  extends  from  the  UHF 
error  horns  to  the  feed  support  arms.  The  VHF  slot  is  located  on  the  edge  of 
the  face  plate  adjacent  to  the  UHF  error  horn.  Opposite  slots  are  approxi- 
mately one-half  wavelength  apart  yielding  near  optimum  illumination  of  the 
84  foot  TRADES  parabola.  The  VSWR  of  the  VHF  feed  is  1.2  or  less  over  a band- 
width of  4 MHz . Cross  coupling  between  the  UHF/L-Band  feed  and  the  VHF  feed 
is  less  than  -30  db.  The  axial  ratio  of  the  VHF  primary  beam  pattern  is 
1.02:1. 

The  microwave  path  consists  of  coaxial  transmission  line  and  components 
throughout.  A single  3-1/8"  coaxial  run  is  used  between  the  transmitter  and 
the  first  power  splitting  tt/2  hybrid  which  forms  the  H and  V components.  Two 
3-1/8”  coaxial  runs  are  then  carried  up  through  the  antenna  pedestal  via 
azimuth  rotary  joints.  One  of  the  coaxial  runs  employs  a phase  shifter  prior 
to  the  duplexer  to  adjust  for  optimum  transmit  polarization  eiiipticity . 

Final  n hybrids  are  located  behind  the  parabolic  reflector  and  further  split 
the  two  3-1/8”  coaxial  runs  into  four  1-5/8”  coaxial  transmission  lines.  Each 
pair  of  1-1/5"  co-ax  are  run  along  the  feed,  support  arms  to  opposite  cavities 
to  form  the  circularly  polarized  transmission.  On  reception  the  circularly 
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polarized  principal  and  orthogonal  returns  are  combined  in  the  n hybrids  and 
the  rr/ 2 hybrid  at  the  duplexer  receive  port  to  form  the  LC  and  RC  received 
signals  for  the  three-channel  receiver.  The  receive  microwave  consists  of  a 
phase  shifter  in  one  of  the  receive  lines  to  independently  adjust  the  receive 
polarization  ellipticity.  All  of  the  high  power  microwave  components  and  feed 
are  pressurized  to  one-half  pound  pri  with  dry  air  to  minimize  arcing  under 
high  power.  The  transmit  polarization  ellipticity  is  1.08:1.  The  transmit 
power  unbalance  at  the  inputs  to  the  four  VHF  cavities  is  less  than  0.5  db. 

III.  VHF  TRANSMITTER 

The  VHF  transmitter  chain  consists  of  five  negative-grid,  tetrode  tubes 
in  resonant  cavities.  A crystal  controlled  stalo  signal  is  multiplied  to 
209  MH?  and  mixed  with  either  a 60  MHz,  60  usee  linear  chirp  prase  from 
the  TRADEX  active  exciter  for  chirp  transmission,  or  a 60  MHz,  1 usee  CW 
pulse  for  the  1 psec  transmission.  The  149  MHz  pulse  is  then  fed  via  a solid 
state  low  level  amplifier  and  gating  circuit  to  the  chain  of  IPA  and  HPA 
stages.  The  grids  of  the  7651  IPA  stages  are  biased  off  except  during  trans- 
mission, The  screen  grid  circuit  of  the  7214  driver  stage  is  used  to  control 
the  shape  of  the  KF  transmitted  chirp  pulse . It-  determines  the  width  of  the 
rectangular  prase  and,  in  addition,  modulates  the  driver  to  form  the  shaped 
chirp  pulse.  The  configuration  of  the  shaped  chirp  pulse  with  a 50  per  cent 
pedestal  height  is  such  that  a constant  energy  per  pulse  is  maintained  be- 
tween "rectangular  chirp"  and  "shaped  chirp"  transmissions. 
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Both  the  screen  and  plate  of  the  U6l6  power  output  amplifier  are  pulsed. 
The  plate  is  pulsed  by  the  HPA  modulator  which  provides  a 25  Kv  video  pulse 
bracketing  the  RF  pulse,  and  the  screen  is  pulsed  by  a separate  regulated 
screen  pulser  which  derives  its  video  pulse  energy  from  the  plate  modulator. 
The  output  power  level  can  be  varied  from  full  peak  to  15  db  below  peak  by 
adjustment  of  the  HPA  plate  video  pulse. 

The  FRF  and  transmitter  timing  triggers  are  controlled  by  start  and  stop 
triggers  derived  from  the  TRADEX  range  tracker.  The  gain  of  the  transmitter 
chain  from  exciter  to  the  output  of  the  HPA  1b  72.2  db  and  the  3 db  band- 
width is  3-35  MFo.  The  phase  variation  from  linearity  across  the  50  usee 
rectangular  chirped  pulse  is  approximately  ± 2.5°. 


IV.  RECEIVER 

The  VHF  receiver  consists  of  three  channels,  two  of  which  are  used  for 
the  principally  polarized  returns  (one  channel  employing  manual  gain  control, 
the  other  fixed  gain)  and  the  third  one  for  the  orthogonal  polarization,  em- 
ploying manual  gain  control.  The  front  end  is  a low  noise  solid  state  pre- 
amplifier with  a noise  figure  of  2.5  db  and  a gain  of  20  db.  The  gain  of  the 
IF  amplifier-mixer  in  each  of  the  two  "normal"  or  gain  controlled  channels  is 
capable  of  being  controlled  over  a 70  db  range  in  5 db  steps  by  use  of  a 
manual  gain  control  switch  on  the  operators  console.  The  fixed  gain  channel 
is  usually  left  at  fixed  gain  (nominally  maximum)  throughout  a mission.  In 
the  chirp  mode  of  operation  the  receiver  employs  a lumped  constant  compression 
network  matched  to  the  transmitted  chirp  characteristic  followed  by  a Gaussian 
shaped  weighting  filter.  In  the  chirp  mode  the  receiver  bandwidth  is  450  KHz. 
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An  alternate  non-compression  path  Is  used  f<?r  one -microsecond  operation.  The 
receiver  bandwidth  in  this  case  is  2 MHz  and  is  determined  by  the  narrow  bond 
filter. 

The  received  signals  from  all  three  channels  are  extracted  from  the  buh- 
and-distribution  amplifiers  at  1.5  MHz  IF  and  sent  to  the  IF  tape  recorders. 

In  addition,  the  signals  are  converted  to  11  MHz  In  the  doppler  mixer  for 
distribution  to  the  SDS.  The  two  normal  gain  channels  are  also  fed  via  loga- 
rithmic amplifiers  to  oscilloscopes  for  photographic  recording,  and  to  a view- 
ing "scope"  on  the  operators  console, 

The  receivers  are  capable  of  providing,  at  full  gam,  an  output  level  of 
1 volt  KMB  linear  into  75  0.  The  noise  gain  of  the  receiver  In  chirp  mode  is 
approximately  85  db  with  an  additional  compression  gain  of  16  db  for  the  .sig- 
nal. The  Input  noise  level  is  -113  dbm.  The  input  signal  sensitivity  (con- 
sidering a 16  db  compression  gain)  is  -129  dbm.  The  chirp  receiver  gain  of 
85  db  results  in  an  output  noise  level  in  the  normal  channel  of  -28  dbm 
which  is  equivalent  to  an  SDS  count  of  20  or  approximately  10  db  above  IF 
tape  noise.  The  fixed-gain  channel  gain  is  adjusted  5 db  lower  to  provide  an 
SDS  count  of  15  or  5 db  above  tape  noise.  A one  volt  p-p  output  from  the 
normal,  chirp  receiver  is  equivalent  to  an  SDS  count  of  50  or  approximately  10 
db  below  the  receiver  saturation  level.  The  instantaneous  dynamic  range  of 
the  receiver  Is  45  db  at  full  gain  and  60  db  with  a receiver  gain  reduction 
of  20  db  or  more.  The  dynamic  range  is  further  limited  by  the  IF  tape  to  ap- 
proximately 30  or  35  db.  The  input  stages  of  the  receiver  prior  to  the  gain 
controlled  IF  amplifier-mixer  saturate  at  an  input  level  of  -30  dbm. 
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data  hecorduxj 

The  following  is  the  present  data  recording  configuration  for  the  VHF 


A.  IF  Tape  Recorder  Patch  Configuration 

Channel  TRABEX  Tape  TDRC  Tape  TDRC  Dub 


VHF  LC  m 


VHF  LC  5G 


VHF  LC  N 


VHF  RC  N 


VHF  LC  N 


B . SDS  Recording 

At  present  there  are  no  plans  for  SDS  recording  of  "live"  VHF 
data.  An  alternate  SDS  patch  is  utilised  for  SDS  recording  of 
pre  and  post  mission  sphere  calibrations  and  post  mission  IF 
tape  playback.  The  following  alternate  patch  configuration  is 
used  for  VHF: 


SDS  Channel 


Gates 


1.  VHF  LCN 


1 - 9 


2.  VHF  LCTO 


1-9 


3.  VHF  RCN 


1-9 


C.  Analog  Recorder  No.  1 and  3 (Strip  Chart) 
Channel  Parameter  Scale 


6 VHF  Power  1.25  velts/div 

A more  detailed  description  of  the  PRESS  data  recording  configuration  is 
available  in  TRADES  Data  Evaluation.  Revision,  Lincoln  Manual  54,  14  December 
1964. 
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D.  Photo  Recording 


1.  HTT  No.  3 

Signal  lb-e  trigger 

VHF  LCN  -6  Ky  As 


Sweep 
1C  't sec /cm 


A-Scope  No.  1 (Bottom  Trace) 

Signal  Pretrigger  Sweep 

VHF  LCN  -26  Kyds  100  usec/cm 


E.  DCFU  and  Computer  Tape 

The  following  VHF  mode  bits  and  parameters 

1.  VHF  peak  power 

2.  LC  and  RC  manual  gain  setting  (4  bits) 

3.  1 usec/chirp 

4.  Rectangular/ shaped 


RGS/plm 


Total  Trace 
16.5  Kyds 

Total  Trace 
164  Kyds 

are  recorded; 
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TABLE  H 


s 

N 


yGtx  °t 


(4n)^  R k Tr  Let  Ler  Lpr 


Quantity 

Value 

Computation 

Numerical 

db 

+ 

db 

db 

p 

T) 

Peak  transmitter  power*  (Mw) 

0.33 

T 

Pulse  length  (psec) 

50 

Energy  per  pulse  (joule) 

16.5 

+ 12.18 

12.18 

Gt 

Transmitting-antenna  gain 

27.79 

27.79 

27.79 

Gr 

Receiving-antenna  gain 

27.79 

27.79 

27-79 

°T 

Target  hack-scattering  cross- 
section  (nr) 

.01 

- 20 

20.0 

X 

Wavelength  (m) 

2 

a (m  ) 

4 

6.0 

6.0 

(4n)3 

1984.4 

+ 33-0 

33.0 

R 

Range  (nm) 
R^(rnn)^ 

T5 

3.22  x 10f 

+ 75.0 

75.0 

Range- 

■conversion  factor  (1852)^  (tn/nra)4 

1,1764  x 1013 

+ 130,7 

130.7 

k 

Boltzmann's  Constant 
(joule/°K) 

-O'i 

1.38  x 10  v 

- 228.6 

228.6 

Tr 

Effective  receiving-system 
temperature  (°K)  measured  at 

600 

+ 27.78 

27.78 

preamp  input 

Let 

Equipment  loss  -transmission 

1 db 

1.0 

Ler 

Equipment  loss-reception 

1 dh 

1.0 

V 

Propagation  loss-transmission 

Lpr 

Propagation  loa a -reception 

*nir 

Non-ideal-receiver  Iobs 

1.8 

1.8 

I'r 

= T , + T„  + T 

sky  loss  preamp 

= 236°K 

T 

sky 

T 

loss 

Sub  Totals 

302.36 

290.28 

« 6i*k 

Single-pulse  IF  signal - 
to-ncise  ratio 

12.08 

preamp 


T 


= 297°K 


Average  transmitter  power  during  the  pulse 


** 


Over  a lossless  isotropic  radiator  of  appropriate  polarization 
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Washington,  D.  C.  20301 

Attn:  Dr.  C.  M.  Herzteld  (3EI6O) 
Lt.  Col.  H.  A.  Griffith 
Mr.  'C.  McLain  (2B263) 

Dr.  3..  J.  Rabinowitz  (3D156) 
Mr.  R.\Zirkind  (3DI56) 

Mr.  Daniel  Fink \ 

Assistant  Director 
Defense  Systems  \ 

The  Pentagon  (3E131) 

\ 

Mr.  R.  D.  Geckler  \ 

Assistant  Director  \ 

Strategic  Weapons  \ 

The  Pentagon  (3E131)  \ 

Washington,  D.  C.  20301  ^ 

John  Daniel  \ 

Weapons  Systems  Evaluation  Group 
Office  of  the  Secretary  of  Defense 
Washington,  D.  C.  20315  \ 

Airborne  Ballistic  Missile 

Measurement  Program  Office  (ASRB) 
Aeronautical  Systems  Division 
Wright-Patterson  Air  Force  Base 
Ohio 

Commander 

Air  Force  Systems  Command 
Andrews  Air  Force  Base 
Washington,  D.  C.  20331 
Attn:  SCSBY 


Conmiander 

Air  Force  Electronics  Systems  Division 
L.  G.  Hanscom  Field,  Bedford,  Mass.  01731 
Attn:  ESRL  (APLLO)  - F.  C.  Hudson 

Commander 

Air  Force  Cambridge  Research  Laboratories 
L.  G.  Hanscom  Field 
Bedford,  Massachusetts  01731  v 
Attn:  Louis  C.  Block  (CROO) 

Commander 

Air  Force  Missile  Development  Center 
Holloman  Air  Force  Base  / 

New  Mexico  88330  / 

Attn:  MD6C  (Walter  K.  Jahns) 

Office,  Chief  of  Research  8-  Development 
Department  of  the  Arny 
The  Pentagon 


Washington, 


20310 


Commander 

Strategic  Air  Command  (OA) 
Offutt  Air  Force  Base,  Nebraska 


68113 


Attn : Nike Space  Divi s ion 

Commanding  General 
U.  S.  Amy  Electronics  Command 
Fort  Monmouth,  New  Jersey  07703 
Attn:  AM3EL-RD-X 

Commanding  Officer 
-.Kwajalein  Test  Site 
'P.  0.  Box  26 
APO  San  Francisco  96555 
Attn:  AMdM-NXF-K 

Nike-X  Engineering/Service  Test  Operation 
,Kwajalein  Field  Office 
P.  0.  Box  96 

APO  San,  FranciBco  96555 

Commanding  General 
U.  S.  Aray  Missile  Command 
Redstone  Arsenal,  Alabama  35809 
9 Attn:  AM5MI-RRX 
AM3MI-ENR 


Air  Force  Ballistic  Systems  Division  Redstone  Arsenal,  Alabama  35809 
Norton  Air  Force  Base,  California  92409  Attn:  AM5MI-RRX 

Attn:  BSY  (Col.  Kenneth  W.  Schultz)  AM3MI-HNR 

^YD((Si  JR  AE.UsSh)  Redstone  Scientific  Information  Center 

np-vnr  w t n-rfuit  1 u*  s*  ^ Missile  Command 

Hot  wf'coi.  u.  BrLick)  R'Sife  ^.f9 

BESOT  \m).  B.  B.  Creronis)  Atta:  0>i«.  Section 

BSYT  (Lt,  Col.  E.  J.  Brechwald) Commanding  Officer 


BST.rS-1  (MaJ.  A.  H.  Connor) 
BSYTS-3  (Maj.  R.  M.  Monts) 
BSYSQ  (MaJ.  T.  L.  Deloney) 
BSYY  (Lt.  Col.  R.  M.  Webster) 
BSQ  (Brig.  Gen.  J.  L.  McCoy) 


Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground 
Maryland  21005 
Attn;  Warren  Berning 


13 


EXTERNAL  DISTRIBUTION  (Cont'd) 


35809 


-R  (T.  Smith) 

-6  (J.  D.  Morrow) 


Nike-X  Project  Manager 
Redstone  Arsenal,  Alabama 
Attn:  AMSPM-NXE 

AiCFM-NXR-R 
AMCPM-NXR 
AM2PM-NXT 

Dr.  Oswald  H.  Lange 

Commanding  General 
U.  S.  Arny  Materiel  Command 
Washington,  D.  C.  20315 
Attn:  AMCRD-DS-T 

Commanding  Officer 

U.  S.  Arny  Electronics  R & D Activity 
White  Sands  Missile  Range 
New  Mexico  88002 
Attn:  SELWS-WA  \ 

Special  Project  Office.  (Code  27723) 
Bureau  of  Naval  Weapons,  / 

Washington,  D.  C.  2036b  \ j 

Attn:  Cdr.  W.  J.  Beardsley  / 

Mr.  F.  C.  Stotmeis^ep  / 

\ / 

Bureau  of  Naval  Weapons  Representative 
(Special  Projects  Office)  J 

Lockheed  Missiles  and  Space  Comply 
P.  0.  Box  50k 

Sunnyvale,  California  $4088 
Attn:  S PL-33 

Commanding  Officer 
U.  S.  Naval  Airborne  / 

Project  PRESS  Operations  Grqiip 
Box  110,  Navy  No.  128  j 
c / 0 Fleet  Post  Office 
San  Francisco,  California  / 9661 4 

Commander  / 

Naval  Weapons  j 

Point  Mugu,  California  / 

Commanding  General  / 

STEWS -TE -A 

White  Sands  Missile  Range 
New  Mexico  88002 


Aerospace  Corporation 
San  Berrtprdino  Operations 
P.  0.  Box  1308 

San  Bernardino,  California  92409 
Attn;  /Mr.  Hebblewhite  for 
j S . V.  Booth 
/ R.  G.  Fowler 
/ J . Grant 
/ J . Hill 

Vogl 

Fuscoe,  Technical  Library 
Riedler 


J.  F. 
J.  0. 
A.  D. 


Lt.  Col.  P.  A.  Tisdale 
Headquarters,  Eastern  Test  Range 
Patrick  Air  Force  Base 
Florida 

/ Attn:  ETERO 

Aerospace  Corporation 
P.  0.  Box  95085 
Los  Angeles,  California 
Attn:  Dr.  E.  B.  Turner 

Mr.  Carl  Friedman 
ARCON  Corporation 
803  Massachusetts  Avenue 
Lexington,  Massachusetts 

Avco-Everett  Research  Laboratory 
2365  Revere  Beach  Parkway 
Everett,  Massachusetts  02149 
J.  Morrison  for: 

G.  Sutton 
C.  Petty 
R.  Norling 
A.  Goldburg 
M.  Smotrick 


Attn: 


A.  T),  Bedrosian 
AL0-( A-210) 

Aeronutronic  Division 
Philco  Corporation 
Ford  Road 

Newport  Beach,  California  92660 
Attn:  B.  J.  Booth 


Avcc  Research  and  Advanced  Development 
Division 

201  Lowell  Street 
Wilmington,  Massachusetts 

Attn:  Test  Data  Unit,  Section  G-340 

Technical  Library 
H.  DeBolt 
M.  W.  Dill 
H.  E.  Hunter 
R.  Wilson 

Battelle -DEFENDER 
Bat telle  Memorial  Institute 
505  King  Avenue 
Columbus,  Ohio  43201 


14 


EXTERNAL  DISTIRUBUIION  (Cont'd) 


Bell  Telephone  Laboratories 
Whippany,  New  Jersey  07981 
Attn:  R.  J.  Beck. 

N.  H.  Brown 
N.  Levine 

R.  0.  Sinclair,  Jr. 

J.  D.  Igleheart 
R.  E.  Markle 

Mr.  R.  C.  Ne\&iouse 
Bell  Te] ephone\Laboratories 
Kwajalein  Field  station 
APO  555,  Box  38  \ 

San  Francisco,  California  9^555 

California  Institute  of  Technology 
Room  101  Firestone  Building 
1201  East  California  Street 
Pasadena,  California  \ 

Attn:  Dr.  Lester  Lees  (Consultant) 

Dr.  Herbert  Dern  \ / 

Columbia  University  \ / 

632  West  125th  Street  \ / 

Hew  York,  New  York  10027 


V 


Cornell  Aeronautical  Laborptofy,  Inc. 
14*55  Oenessee  street  / \ 

Buffalo,  New  York  3.1*225 
Attn:  J.  P.  Desmond  ti r: 


J.  Lotsof 


oration 


Defense  Research  Co; 

P.  0.  Box  3587 
Santa  Barbara,  C Llfornia 
Attn:  T.  Bazera  ce 


93105 


General  Applied  Science  Laboratories,  Ihd. 
Merrick  and  Steward  Avenues 
Westbury,  Ne^  York  11591 

Attn:  R.  Byrne 

/ 

General  Electric  Company 
Heavy  Military  Electronics  Department 
Bldg.  9,  Room  1*6,  Court  Street 
Syracuse,  New  York  13201 
Attn;  Yolanda  Burke 

Documents  Librarian 

General  Motors  Corporation 
CM  Defense  Research  Laboratories 
0767  Hollister  Avenue 
Goleta,  California  93017 
Attn:  V.  E,  Blore 


Heliodync  Corporation 
BSD/BMRS 

Data  Correlation  Facility 
Norton  Air  Force  Base 
California  921*09 
Attn:  Marilyn  E.  Patrick 
Security  Officer 

Hughes  Aircraft  Compary 
Centinela  and  Teale  Streets 
Culver  City,  California 
Attn:  Company  Technical  Document  Center 
B.  W.  Campbell 

Institute  for  Defense  Analyses 
1*00  Amy -Navy  Drive 
Arlington,  Virginia 

Document  Control:  Mr.  Farr  for: 

Dr.  D.  Katcher 
Dr.  J.  Menkes 
Dr.  E.  Salpeter 
Dr.  S.  Treiroan 
Dr.  S.  Wright 

Mr.  Edward  Tauss 
CIA/DIA  Joint  Analysis  Group 
Headquarters,  CIA  Rm.  3F30 
21*30  East  Street,  N.  W. 

Washington,  D.  c. 

Mr.  A.  A.  Chamberlain 
Lockheed  Missile  and  Space  Company 
Dept.  81-75,  Bldg.  153 
P.  0.  Box  50l+ 

Sunnyvale,  California 

Pan  American  World  Airways 

S stems  Engineering  (ETVRS) 
trick  Air  Force  Base 

• a _ orvnnr 

yi’iUjfcl 

A^tn:  P.  Harton 

Radio.  Corporation  of  America 
Missile  and  Surface  Radar  Division 
Engineering  Library,  127-223 
Moorsstovn,  New  Jersey  08057 
Attn:  Mrs.  E.  K.  Daly  for: 

Engineering  Library 
A.  Gold 
H.  Geyer 
D.  Fennessey 


15 


iii 


a 1 g 


EXTERNAL  DISTRIBUTION  (Cont'd) 


Radio  Corporation  of  America 
Signature  Operations 
Building  4-25,  Room  3-167 
Patrick  Air  Force  Base 
Florida 

\Attn:  A.  V.  Wren 

Re-entry  Physics  Library 

Raytheon  Company  / 

Spacer  end  Information  Systenjfe  Division 
523  Boston  Post  Road 
Sudbury-  Massachusetts  01776 
Attn: \ Mrs . Marlene  Rosaing 
^eclinical  Librarian 

Stanford  Research  Institute 
Menlo  Park  \ / 

California  %025  J 
Attn:  G-037\£xtemal  Reports  for: 

R.  L.  keadabrWl 
C . Flammer  / 

Research  Corporation 
versity  Station 


Syracuse  Unlversit; 
ERL,  P.  0.  Box  26, 
Syracuse,  New  York 


Attn:  P.  W. 


TRW  Systems,  Inc. 
One  Space  Park 
Redondo  Beach,  Ca 
Attn:  STL  Tech: 

M.  N.  SW 


Howells 


/ 

3 

1 
/ 

jUfornia  90i 
lical  Library 
sane 


TRW  Systems  Group 
P.  0.  Box  1310  J 
San  Bernardino,  /California  92402 
Attn:  J.  Summerhays 

Bldg.  j>26,  Rm.  607 

Institute  of  Science  and  Technology 
The  University  of  Michigan 
P.  0.  Box  6l8  j 
Ann  Arbor,  Michigan  84-107 
Attn:  BAMIRAC 

Mr.  G.  E.  James 

Weapons  Systems  Evaluation  Group 
400  Amy -Navy  Drive 
Arlington,  Virginia  20305 


16 


internal  distribution 


Director's  Office 

D.  E.  Dustin 

Group  17 

O.  H.  Raddin  - Archives 
Division  2 

F.  C.  Frick 

V.  A.  Nedzel 

Group  22 

R.  J.  Bergemarm,  Jr. 

E.  L,  Eaton 

A.  Free<l 

A.  A.  Grometstein 
J.  H.  Hag! 

R.  C.  Holl^md 

W.  Z,  LenmlCMS 

L.  J.  Murray 

C.  E.  Nielsen  Jr. 

J.  H.  Pannell 
J.  Rhetustein 
J.  Salerno 

A.  Smith 

B.  Wojtkievicz 

Division  3 

S.  Dodd. 

M.  A.  Berlin 

B.  J.  Benn 
J.  H.  Chisholm 

Group  32 

P.  Cacciola  / 

L.  F.  Clanciolo 
H.  0.  Curtis/ 

R.  H.  Ellis/ 

F.  L.  McNajjtexa 

Group  35  / 

M.  Balse^ 

D.  White' 

S.  Edbelberg 

G.  F.  Pippert 
W.  R./Romine 
L.  R.  Martin 
J.  Ames 
R.  S.  Cooper 
P.  Rafales 

C.  deRidder 
J.  Brunner 

A.  Warvaa 

Division  4 

J.  Freedman 


/ 


Group  4l 

D.  L.  Clark 
J,  B.  Resnick 

Group  42 

/A.  A.  Galvin 
■'  J.  P.  Perry 

Group  43 

R.  C.  Butman 
G.  L.  Guernsey 

Group  45 

S.  J.  Miller 
W.  W.  Camp 

V.  L.  Lynn 
M.  Axelbank 

W.  A.  Both 
W.  J.  Drury 

B.  G,  Kuhn 

B.  H.  Labitt 
D.  F.  Mayer 

C.  J.  McRenney 
W.  B.  Renhult 
R.  G.  Sandholm 
R.  W.  Straw 

J.  H.  Teele 

Group  46 

C.  E.  Muehe 

Division  7 

J.  F,  Hutzenlaub 

Mr.  D.  L.  Hogan 
Project  PRESS  Airborne  Optics 
P.  0.  Box  9458 
Honolulu  20,  Hawaii 

Mr.  F.  W.  Stemen 
\ N.  I.  T.  Lincoln  Laboratory 
'T.  0.  Box  4l88 
Norton  Air  Force  Base 
California  92409 

M.  I.  T.  Lincoln  Laboratory 
Project  PRESS  Field  Station 
P.  0.  Box  58 
APO  San  Francisco  96555 
Attn:  W,  I.  Wells 

J.  Hartogensis 

T.  Tyler 

C.  Bohne 


17 


